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Although  the  toxin  of  the  botulinal  rod  ia  one  of  the  violent 
bacterial  toxins  that  change  strikingly  the  nature  of  the  respira¬ 
tory  ao%eaents  In  aan  and  in  aniaals  (2,  5  to  6,  etc.),  yet  the 
aechanlsa  of  its  action  on  the  respiratory  control  la  still 
largely  unknown. 

An  assuaptlon  was  expressed  -  though  based  on  lndlreot  evi¬ 
dence  -  that  the  respiratory  disorder  resulting  froa  botullsa  is 
coabired  with  the  effects  of  toxin  on  ayonsural  connections  of 
respiratory  ausclss  ( 10) . 

We  indicated  previously  (1)  that  the  respiratory  paralysis 
resulting  froa  botulinal  Intoxication  Is  not  coablnsd  with  the 
disturbance  in  the  diaphraga  function,  as  the  data  of  eoae  authors 
laply  (10,11),  but  with  the  injury  of  the  respiratory  center.  A 
fairly  large  experlaental  aaterlal  had  been  acouaulated  up  to  the 
present  tlae  indicating  that  the  aedullary  and  respiratory  oenter 
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?••••••  *  rhythnlc  activity,  i.e.  a  capability  of  passing  into 

*  >U|«  of  ItllBUtlOS. 

Maagr  researchers  think  that  tho  reticular  structure  of 
■Telencephalon  Includes,  In  addition  to  the  rhythnlc  activity, 


figure  1  -  Recording  of  respiratory  aovenents  and  notion  potentials 
on  the  oentral  end  of  tho  right  diaphragmatic  nerve  in 
a  rabbit.  A  -  after  1  hour  up  to  the  ceseatlon  of  spon- 
taneous  respiration]  B  -  after  30  ainutes  following  the 
cessation  of  spontansous  respiration.  Lsgend  above  and 
below:  respiratory  noveaents,  recording  tins  3  seoondai 
action  potentials,  recording  tine  0.02  seconds. 

also  the  coordination  (Integration)  activity.  This  opinion  is  veri¬ 
fied  by  the  fact  that  an  Integrated  inspiratory  event  nay  be  caused 
by  a  atlanlation  of  a  snail  area  that  is  considered  to  be  a  toale 
inspiratory  center  (19).  Many  Investigations  disclosed  (12,  13,  1$, 


16,  18)  that  bob*  ohealcal  subatanoes  can  azart  aaparata  ef facta 
on  tha  rbythnlc  activity  of  tha  raapiratory  oantar  and  on  tha 
coordination  activity. 

Va  atudiad  in  tha  currant  work  tha  af facta  of  botulinal  toxin 
on  single  oantral  coaponanta  of  tha  raapiratory  control,  l.a.  on 
tha  rhythalo  and  coordination  activitlaa  of  tha  raapiratory  cantor. 

Tha  axparlaanto  aora  conductad  on  34  rabblta  and  cate,  aaob 
weighing  froa  2  to  3  kg*  Tha  aniaala  were  adalnlatarad  botulinal 
toxin  typa  A  in  1  to  2  ag/kg  doaa  (obtained  froa  M.P.GAMALXI’S 
Inatituta  of  Xpldemlology  and  Microbiology;  1  mg  contained  500  Dla 
for  a  aouaa  for  intravenoua  adainiatration) .  Tha  recording  of 
raapiratory  aoveaenta  in  aniaala  was  aecoapllahad  with  tha  aid  of 
a  (pulaa)  rubber  cuff  applied  to  tha  cheat.  Va  used  urethan  ( lntra- 
abdominally  1.2  ga/kg)  aa  a  narcotic . 

In  order  to  axaalno  tha  rhythaic  activity  of  inapiratory 
neurone  in  tha  raapiratory  canter,  we  recorded  the  action  po¬ 
tential  a  of  1  or  2  flbera  of  tha  dlaphragaatlc  nerve.  Tha  action 
potentials  ware  picked  up  on  tha  oantral  and  of  tha  carve  with  tha 
aid  of  platlnua  electrodea  under  paraffin  oil,  according  to  tha 
aethod  described  by  several  authors  (14,  17,  19,  20). 

As  tha  next  proceeding  to  study  tha  coordination  activity  of 
tha  raapiratory  canter,  wa  performed  an  operation  exposing  tha 
ayelencephalon.  The  stimulation  waa  aecoapllahad  with  the  ala  of 
ateel  bipolar  alactrodaa  connected  to  the  electric  stlaulator  of 
tha  Orakh-1  typa.  Tha  position  of  tha  alactrodaa  was  determined 
with  tha  Hartley-C lark  stereotaxic  apparatus.  Tha  electrodes  wara 
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plaoed  2.5  hi  deep,  laterally  froa  tbs  center  line  to  1.5  na,  and 
2  aa  upea rd  froa  both.  The  etlaulatlon  wae  produced  with  electric 
current  of  Alveree  TelU|e ,  at  55  epa  frequency  and  with  0.2  */seo 
of  pulae  duration.  The  etlaulatlon  tlae  equalled  6  to  8  eeoonde 
after  Interval  of  10  to  15  alnutee. 

following  the  adalnletratlon  of  toxin,  we  excel ned  the  general 
eyaptoaa  of  toxle  effeote  In  10  anlaale  not  aneethetlsed.  With  the 
Intravenous  adalnletratlon  of  10  to  15  ga  of  dry  toxin  (5,000  to 
10,000  Dla  for  aloe),  the  following  eyaptoaa  developed  In  rabblte 
and  catei  adynaaia,  pareale  of  extrealtlee,  aydrlaele,  refusal  of 
food,  auacle  treaor  In  extrealtlee  and  In  the  neck.  Babbits  died 
after  3  to  4  hours,  and  oata  after  6  to  7  days.  Changes  in  the 
respiration  appeared  In  rabblte  after  >0  to  40  alnutee  following 
the  adalaletratloa  of  toxin.  At  flret,  we  observed  a  brief  deep¬ 
ness  and  laereaeed  frequency  in  respiratory  aoveaentst  later,  as 
the  respiratory  frequency  decreased  slightly,  the  aaplltude  of 
respiratory  aoveaeata  dlalnlshed.  8 Ingle,  deep  Inspirations  were 
often  recorded  on  a  phon  during  shallow  breathing.  In  last  alnutee 
of  their  life,  the  respiration  of  rabbits  always  reseabled  gasping. 
The  respiratory  disturbances  In  oats  appeared  on  the  fourth  day 
after  adalnletratlon  of  toxin.  Later,  the  adalnletratlon  of  toxin 
oaaaed  disorders  la  the  respiration,  in  respiratory  control  and 
also  the  appearance  of  pathological  respiratory  patterns  that  were 
c cabined  with  ehaages  la  the  aaplltude  of  respiratory  aoveaents. 

In  order  te  olarlfy  the  question  whether  botuilnal  toxin  of¬ 
fsets  the  rhythale  activity  of  the  respiratory  oenter,  we  conducted 


10  experiments  on  rabbits  and  cata,  recording  the  action  potentials 
on  the  eentral  end  of  the  diaphragmatic  nerve  during  spontaneous 
and  artificial  respirations.  Vs  observed  in  healthy  oats  and  rabblta 
dischargee  of  low  frequency  during  the  entire  or  partial  phase  of 


figure  2  -  Inspiratory  reaction  after  etlaulation  of  the  ventrlnesal 
region  of  aye' encephalon  In  a  rabbit.  A.  and  B  -  2  hours 
after  administration  of  botuliual  toxin  and  application 
or  0.2  volte  stimulation;  C  and  D  -  2V2  hours  after  ad¬ 
ministration  of  tiotulinal  toxin  and  application  of  0.35 
volts  stimulation.  Legend  above  and  below:  respiratory 
movements  and  reoordlng  of  stimulation  (figures  indicate 
voltage);  recording  time  3  aeoonds. 

expiration.  Then,  as  discharge  became  aooelerated,  a  burst  of  high 
frequency  pulses  followed  at  the  time  of  inspiration.  With  the  ad¬ 
ministration  of  toxin,  the  low  frequency  dischargee  during  expi¬ 
ration  and  also  the  duration  and  the  frequency  mean  decreased, 
thus  concurring  with  the  inspirational  emission  in  the  dlaphrag- 
matlo  nerve.  However,  rhythmic  respiratory  pulses  occurred  during 
1V2  to  2  hours  in  all  experiments  after  esssation  of  spontaneous 


breathing  on  a  phon  in  the  coarse  of  artifielal  respiration  and 
daring  its  brlsf  ewitched-of f  period  (figare  1). 

Therefore,  the  botulinal  toxin  doss  not  prlaarlly  affeet  the 
rhythmic  aotlvlt y  of  the  respiratory  esnter. 

In  order  to  investigate  the  coordination  ( integration)  activity 
of  the  respiratory  oenter,  we  eonduoted  experiments  on  9  rabbits, 
using  stimulation  of  slsotrlc  current  of  diverse  voltage  in  the 
ventromedlan  region  of  the  brain  stea.  As  a  power  stimulation  t 
threshold  we  defined  the  inspiratory  response  observed  with  the 
least  Interrupted  rhythm. 

Figure  2  shoos  o hangs •  in  the  power  stimulation  threshold  in 
the  presence  of  constant  frequency,  as  observed  in  a  rabbit  after 
administration  of  2  ng/kg  of  toxin. 

The  botallnal  toxin  slightly  increased  the  power  stimulation 
threshold  for  development  of  a  a o ns tan t  apnea  and  it  decreased 
noticeably  the  amplitude  of  inspiratory  reactions.  After  admlnls- 
tratlon  of  the  toxin,  also  a  decrease  in  the  amplitude  of  lneplra+er^ 
reactions  was  clearly  expressed  in  a  rabbit  (figure  3).  It  le 
interesting  that  the  amplitude  of  inspiratory  responses  in  rabbits 
decreased  gradually  during  artificial  reepiratlon  prior  to  and 
after  the  oeseatlon  of  spontaneous  respiratory  aoveaente. 

The  involvement  of  the  expiratory  aotivlty  by  botulinal  toxin 
in  a  part  of  the  brain  stea  was  determined  by  experinentatlons 
(9  experiments)  and  studies  of  the  cough  reaotion  produced  by  a 
aeohaaieal  stimulation  in  tracheal  mucosa  of  oats  with  botulinal 
intoxication.  It  is  obvious  from  figure  4  that,  as  the  intoxication 


Increased,  the  oough  response  to  tho  stimulation  of  trachea  decreased 


Figure  3  -  Inspiratory  reaction  during  stimulation  of  the  ventro- 
aedian  region  in  the  brain  stea  of  a  rabbit  in  various 
periods  after  adainistration  o?  botulinal  toxin  (experi- 
aent  on  Ootober  27,  1959).  A  -  prior  to  adainistration 
of  the  toxin*  B-  after  30  ainutea;  C  -  after  1  hour* 

I)  -  after  1V2  hours  following  the  adainistration  of  botu¬ 
linal  toxin.  Legend  the  aaaa  as  in  figure  2. 


Figure  4  -  Cough  reflex  in  a  cat  during  botulinal  Intoxication.  A  - 
after  8  hours  following  the  adainistration  of  botulinal 
toxin*  B  -  on  the  4th  day  after  adainistration  botulinal 
toxin  (experiasnt  on  October  30,  1959 ;. 

Therefore,  the  botulinal  toxin  affects  the  coordination  ac¬ 
tivity  ( inspiratory  and  expiratory  tonic  functions)  in  a  part  of 
the  brain  etea,  but  does  not  Influence  its  rhythaical  activity. 

It  has  been  deterained  that  the  objeotive  of  the  action  of 
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bacterial  toxins  could  be  numerous  links  of  the  control  of  neural 
taxations  (3»  4).  The  enelyei'  of  *^e  paralysing  offset  of  botullnal 
toxin  on  respiration  proved  that,  duo  to  ths  of foots  of  the  toxin, 
Inhibition  is  imposed  on  ths  side  of  ths  coordination  ( integration) 
notlvltj  of  ths  respiratory  center,  but  the  toxin  has  no  significant 
effsot  on  the  rhythmic  activity  of  the  brain  stea.  The  botullnal 
toxin  deereases  ths  aaplltude  of  respiratory  reactions  after  electric 
stimulation  in  ths  vertronedian  region  of  the  brain  etea  and  hardly 
changes  tbs  poser  stimulation  threshold  for  developaeut  of  a  constant 
apnea.  Ths  investigation  of  oough  reactions  in  cats  at  various 
periods  of  intoxication  indicated  that  botullnal  toxin  af foots  the 
expiratory  activity  of  the  brain  stea.  The  above  data  fully  agree 
with  the  clinical  observations  and  shoe  that  botullaa  patients  are 
either  able  to  cough  slth  difficulty,  or  not  at  all  (6). 

Conclusions 

\ .  The  botullnal  toxin  caused  a  progressive  decline  in  the 
amplitude  of  Inspiratory  reeotlons  foliosing  eleotrloal  stimulation 
in  the  veatroaediaa  region  of  the  brain  stea  prior  to  and  after 
the  oessatloa  of  respiratory  aoveaents. 

2.  With  the  oessatlon  of  spontaneous  respiration  on  a  phon 
in  the  course  of  artificial  respiration  in  aniaals  affected  with 
botullnal  lntoxloatlon,  we  recorded  for  several  hours  the  aotion 
potentials  from  ths  respiratory  oenter. 

3,  The  botullnal  toxin  oaused  an  inhibition  of  the  coordi* 
aatloa  (integration)  activity  of  the  respiratory  oenter  without 

may  significant  effect  on  the  rhythalo  respiratory  aotlvlty. 
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Suagarj  ( £flRll 

To  atudy  functional  dlaturbancaa  of  oantral  portlona  of  tha 
oarroui  regulation  of  raapiratlon  in  botulin  intoxication,  tha 
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rhythaic  and  coordination  activity  of  aadullary  raaplratory  contra 
•a a  investigated  In  rabbits  and  oats.  The  paralysing  sffsot  of 
botulin  on  respiration  was  analysed  by  stlaulating  tbs  ventraaedlal 
area  of  ths  brain  stsa  by  as ana  of  alaotric  currant  and  by  aliai- 
natlng  tbs  action  potentials  froa  tbs  osntral  and  of  ths  phrenio 
nerve.  This  toxin  inhibited  tbs  coordination  activity  of  respira¬ 
tory  centre  and  produoed  no  significant  effaot  on  the  rhythaic 
activity. 


